INTRODUCTION {#sec1-1}
============

Oral lichen planus (OLP) is a common, chronic, autoimmune, mucocutaneous disease affecting the skin, genital mucosa, scalp, nails, and areas in the oral cavity. OLP was first described by British Physician Erasmus Wilson (1869).\[[@ref1][@ref2][@ref3]\] Early diagnosis is important as at times a delay can lead to malignant transformation of OLP. The association of chronic inflammation with cancer has been addressed.\[[@ref4]\] Reactive nitrogen species (RNS) are considered to play a key role in inflammation-mediated carcinogenesis generating nitric oxide (NO). NO mediate the formation of 8-nitroguanine, a member of nitrative deoxyribonucleic acid (DNA) damage.\[[@ref5]\] NO is a noxious chemical in the atmosphere, but in small controlled concentrations it acts as a physiological (vasodilatation) and pathophysiological (chronic inflammation) mediator.\[[@ref6][@ref7]\] It is a small (30 Da) uncharged molecule with an unpaired electron which defines it as a radical\[[@ref8]\] formed in mammals by the oxidation of L-arginine, an amino acid,\[[@ref6]\] through the action of isoenzymes, globally named nitric oxide synthases (NOS) expressed in some tissues as: Brain and neuronal NOS (bNOS) and inducible NOS (iNOS).\[[@ref7]\] Conversely, iNOS is identified in several cell types such as macrophages and polymorphonuclear cells (PMNL).\[[@ref9]\] Overproduction of NO leads to generation of various RNS such as NO~x~ (refers to NO and NO~2~) and peroxynitrite (ONOO^-^).\[[@ref10]\] RNS mediate the formation of 8-nitroguanine, a marker of nitrative damage eventually leading to cell death by damaging effects against cellular proteins (DNA and lipids), tissue injury, and organ failure.\[[@ref11]\] The possible role of NO as a mediator in the etiopathogenesis of OLP has been advocated.\[[@ref8][@ref12][@ref13]\]

Mast cells (MC) are local resident of connective tissue\[[@ref14]\] strategically located at neural, epidermal, mucosal, and vascular sites.\[[@ref15]\] They play a critical role in allergy and other inflammatory states through the release of multifunctional mediators.\[[@ref16][@ref17]\] Several studies have shown the pathological role of MCs in lesions of OLP.\[[@ref18]\] MC degranulation in OLP releases a range of proinflammatory mediators such as tumor necrosis factor (TNF)-α, chymase, and tryptase, which together play a role in epithelial basement membrane disruption in OLP, mediated by MC proteases directly or indirectly via activation of T-cell-secreted matrix metalloproteinase (MMP)-9.\[[@ref15][@ref18]\] The interaction of NO and MCs is time dependent, requiring several hours and is non-cyclic guanine monophosphate (cGMP) mediated.\[[@ref15]\] NO has been suggested to be among the myriads of MC derived mediators with increased levels at the site of inflammation. The increase in NOS-2 and NOS-3 expressions in response to immunoglobulin (Ig) E-mediated reactions supported reports that binding of monomeric IgE to FcR-1 (Fc receptor-1) could initiate signal transductions in MCs even when degranulation was absent. The increased NOS expression implicates that human MCs are capable of increasing the level of NO in the immediate cellular environment following IgE sensitization.\[[@ref18][@ref19]\]

The increased levels of NO have also been associated with stress. NO counteracts norepinephrine (NE) activity and sympathetic responsivity. Thus, NO and the stress pathophysiology are closely connected and molecular mechanisms or pathways may be shared under certain conditions. A rise in the levels of NO leads to increased oxidant generation, decreased antioxidant protection and a failure in producing a oxidative repair thus leading to oxidative stress on cells' RNS, indirectly correlating to OLP.\[[@ref20][@ref21][@ref22]\] On activation, NO produces RNS which then produces 8-nitrosoguanine (a marker of nitrative DNA damage) that can result in increased pathogenetic effects of inflammatory cells. Thus, damaging the genetic material, that is, DNA and also lipids; and eventually leading to cell death, tissue injury, and organ failure.\[[@ref19]\] Thus, DNA damage especially 8-nitroguanine formation could possibly intensify the action of the various cells, leading to higher epithelial-subepithelial damage. Deeper penetration and increased number of cells will lead to higher NO levels.\[[@ref23][@ref24][@ref25]\] Patients with OLP often relate the onset and aggravation of oral symptoms to increased levels of stress. It is possible that the activity of symptoms of OLP in some patients may involve an impaired capacity to suppress an increased immune activity following a stressful event.\[[@ref26][@ref27][@ref28]\]

The purpose of the present study were to: Determine the levels of salivary NO in OLP, count the number of MCs in OLP, measure stress levels in OLP, and further correlate the three factors in an attempt to postulate the pathogenesis of OLP.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted in the Department of Oral and Maxillofacial Pathology and Microbiology, using saliva samples of patients who visited the college outpatient department (OPD) from November 2009 to June 2011. The study consisted of two groups: Group I constituted the subjects with OLP group (*n* = 25) and group II comprised the control group (*n* = 25). The consent was obtained from all patients and volunteers for examination. The study was approved by the Ethical Committee.

Criteria for selecting the study group (I) {#sec2-1}
------------------------------------------

Age group: 20-45 yearsClinically/histopathologically diagnosed cases of OLP \[[Figure 1](#F1){ref-type="fig"}\].

![(a) Reticular form of OLP: Showing interlacing- Wickham\'s striae. (b) Atrophic form of OLP-Linear erosive lesion on the vermilion border of lip. The surrounding mucosa is atrophic and erythematous with very faint reticular striations](JOMFP-17-156-g001){#F1}

The modified World Health Organization (WHO) criterion was used for diagnosis of OLP lesions which includes \[[Figure 2](#F2){ref-type="fig"}\]: Liquefactive degeneration of basal epithelial cells/basement membrane degeneration, presence of a well-defined band like zone of cellular infiltration that is confined to the superficial part of connective tissue, consisting mainly of lymphocytes, presence of civatte bodies (colloid bodies), and absence of dysplasia.

![Atrophic lichen planus; showing a dense juxtaepithelial lymphocytic infiltrate (H & E stain, ×100); Inset: Higher magnification (H & E stain ×400)](JOMFP-17-156-g002){#F2}

Criteria for selecting the control group (II) {#sec2-2}
---------------------------------------------

Age group same as group I subjects (20-45 years), patients undergoing prophylactic removal of tooth: for orthodontic treatment, impacted third molars, free of any inflammation (also excluding gingivitis), and free of any systemic disorders.

The following investigations were done:

Analysis of stress by Depression Anxiety Stress Scale (DASS)Biochemical analysis of nitric oxide (NO) levels in salivaHistopathological examination of biopsy specimen.

Analysis of stress by DASS {#sec2-3}
--------------------------

The DASS\[[@ref29][@ref30][@ref31][@ref32][@ref33]\] is a promising 42-item self-report measure of depression, anxiety, and stress (Lovibond and Lovibond, 1995). The DASS is a 42-item self-report inventory that yields three factors: Depression, anxiety, and stress. This measure proposes that physical anxiety (fear symptomatology) and mental stress (nervous tension and nervous energy) factor-out as two distinct domains. This screening and outcome measure reflects the past 7 days. This scale was used to check the levels of stress in individuals with OLP.

Biochemical analysis {#sec2-4}
--------------------

### Technique for estimation of NO: NO assay protocol {#sec3-1}

Subjects were asked to rinse the mouth with povidine iodine for 2 min, so as to reduce the bacterial counts. The patients were then made to wait for 1 min, after which freshly secreted unstimulated saliva (1 mL) was collected in a sterile container (Eppendorf tubes). The samples were then diluted with 10 mL of phosphate buffered saline in order to neutralize the pH. After dilution, the mixture was centrifuged for 5 min at 3,000 rpm and the supernatant fluid was stored at −20°C until use/or was used immediately. A standard curve was obtained using known standard solutions of the substance to be determined which were reacted with an appropriate reagent (Griess reagent), so that unknown concentration of the substance to be determined was obtained from the standard curve by a spectrophotometer. The substances to be determined in our study was nitrite and hence known concentrations of sodium nitrite solutions were prepared for evaluation (sodium nitrite concentration of 25-60 μ/L were prepared). These solutions were reacted with Griess reagent (prepared using 1% sulfanilamide, 1% naphthylethylenediamine dihydrochloride (NED), and 2.5% phosphoric acid). Griess reagent is very unstable as it reacts with surface nitrogen. Hence, it was freshly prepared each time for use. 0.5 mL of the prepared standard solutions of sodium nitrite was reacted with equal volumes of Griess reagent in Eppendrof tubes. The prepared solution was incubated for 10 min at room temperature to ensure that complete reaction takes place. The reacted mixture was then transferred onto plastic cuvettes for measurement in the spectrophotometer and the optical densities (ODs) value was recorded. Using these readings taken for the standard solutions, a graph of absorbance versus concentration was plotted, which constituted the standard curve. Then, the calculated ODs were correlated to the standard curve and the corresponding concentration of nitrite was observed. NO was expressed as μmol/L.

### Tissue preparation {#sec3-2}

Biopsies were taken under local anesthesia from the appropriate site. The tissues were allowed to be fixed in 10% formalin. The tissues were then processed in automatic processor and blocks were prepared. Sections of 4 μm thickness were prepared using Leica microtome. Two staining techniques were employed:

Hematoxylin and eosin (H and E) staining \[[Figure 2](#F2){ref-type="fig"}\]Toluidine blue staining method (for MCs) \[[Figure 3](#F3){ref-type="fig"}\].

![Collection of mast cells near the basement membrane (toluidine blue stain, ×100; inset ×400)](JOMFP-17-156-g003){#F3}

### MCs; toluidine blue staining\[[@ref34][@ref35][@ref36][@ref37]\] {#sec3-3}

MCs are spindle to oval shaped and have the same staining characteristics as the fibroblast with H and E staining. Therefore they are difficult to differentiate from fibroblasts. Selective staining with 2% toluidine blue was hence used for MCs. Criteria to identify MCs are seen in results \[[Figure 4](#F4){ref-type="fig"}\].

![Spreading mast cell; showing mast cell granules. Presence of three or more aggregate granules (toluidine blue stain, ×400)](JOMFP-17-156-g004){#F4}

### Results {#sec3-4}

MCs: Violet/red purple.

Background: Shades of blue.

### Counting of MCS (Janardhanan M and Ramesh v)\[[@ref15]\] {#sec3-5}

The total number of mast cells, both intact as well as degranulated MCs, were counted in five high power fields (×400, original magnification) of each section of OLP. Results were expressed as the average number of MCs per high power field. Number of MCs seen in normal oral mucosa = 25.5-30/mm^2^ (any number \>30 was considered as an increase in number).

The data was fed into the computer database and analyzed using the Statistical Package for Social Sciences (SPSS). Mean, standard deviation, and the data was analyzed using Student\'s paired *t*-test for comparing the quantitative data between the two groups, the categorical variables were compared using Chi-square test. Besides this, correlation between different factors as age and salivary NO levels was done using Pearson\'s correlation. These groups were compared by one-way analysis followed by regression analysis.

RESULTS {#sec1-3}
=======

Twenty-five OLP patients in group I were subgrouped into various clinical forms on the basis of the clinical findings \[pie diagram: [Figure 5](#F5){ref-type="fig"}\]. The maximum number of patients suffered from reticular type of OLP (*n* = 12 (48%)). The erosive and the plaque type had 4 cases each (16%), and the atrophic type of lichen planus made up for the remaining 20% of all the cases (*n* = 5). The mean NO levels in saliva of OLP was observed to be 90.88 ± 12.056 μM/L as compared to mean of 13.84 ± 3.566 μM/L NO levels in healthy controls \[[Table 1a](#T1){ref-type="table"}, [Figure 6](#F6){ref-type="fig"}\]. The intergroup comparison of OD values of the two groups was found to be highly significant. Keeping the salivary NO as constant factor, NO was correlated to the increase in age of the patient using Pearson\'s correlation; however, the results were statistically insignificant. The MC count \[[Table 1b](#T2){ref-type="table"}, [Figure 7](#F7){ref-type="fig"}\] in group I came out to be 18.869 ± 0.1237 as compared to mean of 3.637 ± 0.9550 in healthy controls. The difference between the means was found to be highly significant (*P* \< 0.05). The comparison of depression, anxiety, and stress scales between the two groups; group I (OLP) and group II (healthy controls) showed a definitive increase in depression levels between the two groups. Group I with a mean of 12.44 ± 3.709 as compared to mean of 7.20 ± 2.48 in group II, and was statistically significant (*P* \< 0.05); whereas, the anxiety and stress scales of group I and group II were insignificant as well (*P* \> 0.05). \[Table [2a](#T3){ref-type="table"},[b](#T4){ref-type="table"},[c](#T5){ref-type="table"}, [Figure 8](#F8){ref-type="fig"}\].

![Distribution of various clinical forms of OLP](JOMFP-17-156-g005){#F5}

###### 

Assessment of difference in the mean salivary nitric oxide levels between the two groups

![](JOMFP-17-156-g006)

![Comparison of mean of salivary NO levels between two groups](JOMFP-17-156-g007){#F6}

###### 

Assessment of the mean mast cell count between the two groups

![](JOMFP-17-156-g008)

![Comparison of mean of mast cells count b/w two groups](JOMFP-17-156-g009){#F7}

###### 

Assessment of mean of depression levels between the two group

![](JOMFP-17-156-g010)

###### 

Assessment of means of anxiety levels between the two groups

![](JOMFP-17-156-g011)

###### 

Assessment of means of stress levels between the two groups

![](JOMFP-17-156-g012)

![Comparison of means of depression, anxiety and stress b/w Groups I-II](JOMFP-17-156-g013){#F8}

DISCUSSION {#sec1-4}
==========

Lichen planus has remained an ambiguity from the time of its discovery. OLP is a fairly distinct mucocutaneous disease of oral mucosa presenting as keratotic white reticulate lesions, as well as ulcerative, vesiculobullous, and atrophic-erosive lesions.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref32]\] On comparison of the salivary NO levels in OLP patients with the control group, in our study we found a significant increase in the levels of salivary NO in OLP patients as compared to the control group (*P* \< 0.05) \[[Table 1a](#T1){ref-type="table"}\].\[[@ref29][@ref30][@ref31][@ref32]\] We hypothesized that T lymphocytes from OLP tissues produced increased levels of interleukin (IL)-6 and granulocyte macrophage colony stimulating factors (GM-CSF), which further produces more TNF-α, IL-1β, IL-6, and GM-CSF which then leads to increased production of NOS responsible for releasing NO. Increased NOS activity interacts with caspase family of enzymes, thereby promoting apoptosis, which was seen as basal cell degeneration in OLP histopathologically.\[[@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41]\]

Moncad *et al*., (2008) and Ripetska and Deneha (2008)\[[@ref10][@ref12]\] opinioned that increased chronicity (inflammation potential), as well as the release of proinflammatory cytokines (IL-1, TNF-α. etc.) are key activators of NO (iNOS) leading to the production of NO; which in turn mediate DNA damage directly or indirectly through the generation of more persistent RNS. NO when in excess behaves as a key mediator of cell damage, tissue injury, and organ failure. Ohashi *et al*., (1999)\[[@ref8]\] and Brennan *et al*., (2003)\[[@ref24]\] also reported that NO increase caused severe damage to fibroblasts, keratinocytes, and oral epithelial cells *in vitro*. Hence, the increased salivary NO levels can be attributed in infectious or inflammatory conditions, which leads to the overexpression of iNOS; thus an increased NO could lead to an increased cellular infiltrate seen in different forms of OLP.\[[@ref7][@ref35]\] We also carried out a quantitative assessment of MCs in OLP. The mean MC count in OLP patients in the present study was found to be 18.86 cells (mean of five high power fields). This was higher than that of the control group, which showed 3.63 cells (mean of five high power fields). This difference was statistically significant (*P* \< 0.05) \[[Table 1b](#T2){ref-type="table"}\]. Increased density of MCs in our study was consistent with that of Jontell *et al*., (1986);\[[@ref16]\] Walsh *et al*., (1995);\[[@ref14]\] and Zhao *et al*., (2007);\[[@ref35]\] and suggested that MC products bring about structural changes in the epithelium and connective tissue in lesions of LP. Secondarily, a close association of MCs with the basement membrane was noted in most of the cases of OLP taken in this study. The lining of MCs along the basement membrane was thought to be a response to external agents or antigenic stimuli, to release histamine. Lodi *et al*., (2005) have also confirmed that basement membrane disruption in OLP may be mediated by MC proteases directly or indirectly via activation of T-cell secreted MMP-9.\[[@ref36][@ref37][@ref38]\]

Stress as a concept describes the effects of psychological and environmental factors on physical and mental well-being.\[[@ref42]\] It plays a major role in immunological diseases and immune-related disease processes. Inflammation, infection, autoimmune processes, and perhaps even the onset and development of malignant tumors may occasionally be associated with stress phenomenon.\[[@ref39][@ref40][@ref41][@ref42][@ref43]\] Hence, the role of stress in OLP patients was analyzed using DASS. The results showed a significant increase in depression scale (*P* \< 0.05) \[[Table 2a](#T3){ref-type="table"}\] in case of OLP patients as compared to the control group. Though the anxiety and stress scales increased in OLP patients as compared to the control group, statistically the values for anxiety and stress levels in OLP patients was not significant (*P* \> 0.05) \[Tables [2b](#T4){ref-type="table"} and [2c](#T5){ref-type="table"}\]. Our results were comparable to the findings of Hampf *et al*., (1987),\[[@ref37]\] McCartan\[[@ref38]\] studied the psychological factors associated with OLP. Some patients with OLP suffer from depression while some patients have anxiety. Burkhart *et al*.,\[[@ref39]\] have also pointed out that more than half of his patients with OLP related high levels of stress in relation to work, relationship, and losses; before or during the appearance of the condition.

Stress as a pathological factor in OLP can be explained on the hypothesis that glucocorticoids can affect the lymphocyte subsets and induce a shift between Th1/Th2 cytokines; while preferentially inhibiting nonactivated lymphocytes, thus favoring IL-2 expression during clonal expansion. This results in the suppression of cells with little or no affinity for an antigen and favor the clonal expansion of cells with high affinity for antigen.\[[@ref40][@ref41][@ref42][@ref43]\] Moreover, major depression has been associated with activation of the inflammatory response as proinflammatory cytokines are potent stimulators of neuroendocrinal response. In particular, IL-6 stimulates production of corticotrophin releasing hormone (CRH) enhancing increased levels of adrenocorticotropic hormone (ACTH) and cortisol levels.\[[@ref29][@ref30][@ref31]\]

We further correlated increase in salivary NO with raised number of MCs and DASS. The results showed that, an increase of salivary NO levels, MCs, and DASS individually has a role in etiopathogenesis of OLP; but does not significantly affect the expression or behavior of other factors. Hence, following conclusions were proposed:

Free radical including NO represents one route of pathogenesis and that excess of salivary NO have a pathophysiological implication in OLP. The NO (iNOS) can activate the inflammatory cytokine which has damaging effects against cellular proteins, DNA and lipids eventually leading to cell death, tissue injury and organ failure. Thus, biochemical analysis of patients with OLP can aid to a more improved therapeutic plans, as well as guide in checking the malignant potential of the lesion.\[[@ref42][@ref43]\]

Our study points out that the MCs which are not considered as a major component of the cellular infiltrate in OLP has got a definite role in the pathogenesis of OLP.

We emphasize the necessity for additional therapeutic intervention in patients who have stress-induced oral diseases. As an adjunct to conventional therapy for these patients, it may be beneficial to advocate cooperation with psychiatric services to avoid the occurrence of somatization as an aid in possible prevention of disease exacerbations. Additional prospective studies using clinically relevant outcome measures are necessary to further define the impact of psychological stress on immune-based diseases immune dysregulation.
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